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Abstract—Vibration analysis is a standout amongst the most 
effective strategies present for diagnosing the health condition 
of rotating machinery. This paper deals with the vibration 
based gearbox health condition-monitoring techniques for 
diagnosing and classifying the gearbox faults. The statistical 
feature extraction has been done using the discrete wavelet 
transform whereas the fault classification has been done using 
support vector machine. The results reveal that these 
vibration based diagnostic techniques are successful in 
gearbox health condition monitoring. National Renewable 
Energy Laboratory (NREL) provided the data used in this 
paper. 
Index Terms— Discrete wavelet transform, Fault diagnosis, 
Gearbox Health Condition Monitoring, Support Vector 
Machine, Vibration Analysis. 
I. INTRODUCTION 
The engine consists of various modules like fan, 
compressor, combustor, turbine and exhaust nozzle. All 
these modules are connected to the shaft using the engine 
crucial components such as gears and bearings. Health 
condition monitoring of these engine components is 
evolving rapidly as one of the important research fields to 
get efficient operation of the engine. In this paper, vibration-
based fault diagnosis and classification algorithms used for 
gearbox health condition monitoring. Vibration analysis of 
gearbox has been done using the Wind Turbine Gearbox 
Vibration Condition Monitoring Benchmarking Datasets, 
provided by National Renewable Energy Laboratory 
(NREL) [1]. 
II. GEARS- THEORY 
Gears are the machine components used to change & 
transmit the rotational motion and torque. In aircraft 
engines, gears allow the fan as well as the compressor-
turbine unit to rotate at different speeds by means of 
successive engagement of gear teeth. Gear failure happens 
due to severe stress conditions (When a gear is working 
under high-stress conditions, there is a tendency to gear 
failure) [2]. Different types of gears that are used in 
industries are helical, spur, bevel and worm gears. All these 
gears have both driven and driving wheels but, differ in 
shape & wheels arrangement [3].  
III. METHODOLOGY 
Vibration analysis is a valid and most popular condition 
monitoring technique used for gearbox fault diagnosis [4]. 
This technique is sensitive to failure and can provide the 
continuous health state of the gearbox compared to 
remaining condition monitoring approaches like oil and 
temperature analysis [5]. Fig. 1 shows the information flow 
diagram for vibration based gearbox health condition 
monitoring technique.  
A. Data collection 
The data acquisition device (DAQ) can be used for 
collecting the vibrations produced by the gears with the help 
of accelerometers mounted on it. The data used in this paper 
are obtained from National Renewable Energy Laboratory 
[1]. Eight accelerometers viz., AN3 to AN10 mounted on 
the gearbox to sense vibratory acceleration. Sensor location, 
model and description also mentioned in Ref. [1]. The 
vibration signal has been acquired at a sampling 
rate/frequency (Fs) of 40KHz.  After collecting the gearbox 
data, the signal is processed to diagnose the faults. 
B. Signal Preprocessing 
Preprocessing is required to eliminate the artifacts/noise 
from the raw vibration signal. 
C. Feature Extraction 
It is a process/method to obtain meaningful and 
important characteristics from the signal by transforming it 
to set of features. Feature extraction can be done in three 
ways. They are time domain, frequency domain and time-
frequency domain analysis. In this paper, a time-frequency 
domain analysis approach called discrete wavelet transform 
(DWT) [6, 7] have been used to extract the features.  
DWT decompose the signal into a mutually 
perpendicular set of wavelets and is extensively used for 
multiresolution signal analysis. Therefore, vibration signal is 
decomposed into 12 levels and variance of these 12 levels 
detailed coefficients viz., D1 to D12 and approximation 
coefficient (A) have been computed.   
D. Feature Selection 
With the thirteen features (A, D1, D2,…, D12) extracted 
from DWT, a feature vector have been formed to diagnose 
the gearbox faults.  
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E. Fault Classification 
For classifying the faults, a set of algorithms used such 
as Support Vector Machines (SVM), Artificial Neural  
Networks (ANN), K-Nearest Neighbors (KNN)… etc. 
SVM have been used for classification in this paper. The 
feature vector formed by the useful features has been used to 
train the SVM (Support Vector Machine) classifier [8] for 
classification of gearbox faults. 
 
   
Fig. 1. Proposed methodology for gearbox health condition monitoring 
 
IV. RESULTS AND DISCUSSIONS 
Thirteen features viz., A, D1, D2,…, D12 for each 
individual sensor from AN3 to AN10 are shown in Fig. 2. It 
can be observed that the features have larger magnitude for 
damaged gearbox data than healthy gearbox data. It can 
also be observed that most of the features have been 
succeeded in the detection of healthy and damaged 
conditions. The mean ± standard deviation of these features 
for all the sensors is shown in Table I. 
 
Fig. 2. Wavelets variance for healthy and damaged gearbox data 
Fig. 3 shows the gearbox fault classification with SVM 
classifier using features D11 and D12. It can be observed 
that healthy and damaged gearbox vectors have been 
completely overlapped. Hence, misclassification happened 
and the poor classification region is marked in the circle. 
Therefore, there is no clear classification between the faults 
by choosing these features. 
 
Fig. 3. SVM classification using D11 and D12 coefficients Variance 
The SVM classifier for A and D1 features is shown in 
Fig. 4. It can be observed that the classifier fails to classify 
few samples of healthy and damaged gearbox data as 
marked in Fig. 4. Therefore, these features are moderately 
classifying the gearbox faults. 
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TABLE I.  MEAN ± STANDARD DEVIATIONS OF WAVELETS VARIANCE 
 
Note: Here F represents Features, HG means Healthy Gearbox, DG means Damaged Gearbox and AN3 to AN10 are the sensors mounted on the Gearbox 
[1]. 
 
F AN3 AN4 AN5 AN6 AN7 AN8 AN9 AN10 
HG DG HG DG HG DG HG DG HG DG HG DG HG DG HG DG 
A 
0.227
5 
± 
0.121
4 
0.757
1 
± 
0.382
4 
0.229
9 
± 
0.124
3 
0.655
2 
± 
0.337
5 
0.545
8 
± 
0.245
9 
0.918
1 
± 
0.519
1 
1.206
5 
± 
0.606
6 
3.325
0 
± 
1.095
9 
0.778
7 
± 
0.444
7 
2.319
1 
± 
0.819
4 
4.915
8 
± 
2.087
0 
1.110
9 
± 
0.609
1 
2.036
1 
± 
1.188
1 
1.951
7 
± 
1.271
9 
0.284
7 
± 
0.144
2 
1.253
1 
± 
0.504
9 
D
1 
0.153
0 
± 
0.008
0 
0.572
3 
± 
0.015
1 
0.427
5 
± 
0.018
1 
0.740
4 
± 
0.031
7 
0.320
8 
± 
0.010
8 
1.417
2 
± 
0.075
8 
2.520
0 
± 
0.052
5 
4.791
2 
± 
0.315
6 
3.485
3 
± 
0.075
7 
3.424
1 
± 
0.227
2 
0.901
1 
± 
0.029
3 
9.057
0 
± 
0.609
7 
0.044
3 
± 
0.006
0 
11.08
41 
± 
0.531
0 
0.393
8 
± 
0.014
6 
1.199
2 
± 
0.041
5 
D
2 
0.680
8 
± 
0.028
7 
3.432
3 
± 
0.075
2 
1.880
1 
± 
0.079
8 
3.645
3 
± 
0.295
2 
1.350
6 
± 
0.072
5 
8.597
9 
± 
0.423
3 
6.929
4 
± 
0.191
5 
15.08
76 
± 
1.130
2 
5.657
5 
± 
0.121
9 
17.58
17 
± 
1.092
9 
5.003
1 
± 
0.177
5 
53.26
09 
± 
3.880
4 
0.343
0 
± 
0.046
3 
54.72
11 
± 
2.207
4 
1.755
4 
± 
0.075
6 
7.642
2 
± 
0.252
4 
D
3 
2.382
2 
± 
0.159
3 
16.22
5 
± 
0.488
8 
8.013
9 
± 
0.478
3 
15.99
9 
± 
1.752
5 
5.860
6 
± 
0.465
2 
30.89
88 
± 
1.062
4 
14.81
5 
± 
0.970
2 
34.36
69 
± 
2.805
6 
11.10
04 
± 
0.592
4 
38.16
53 
± 
1.921
4 
21.08
67 
± 
1.103
1 
177.3
15 
± 
15.00
63 
2.438
8 
± 
0.323
0 
128.6
87 
± 
2.845
6 
6.947
3 
± 
0.445
3 
32.71
92 
± 
1.071
3 
D
4 
7.187
6 
± 
0.579
6 
50.50
71 
± 
1.978
3 
25.16
8 
± 
1.661
3 
43.94
59 
± 
2.568
9 
19.14
74 
± 
1.682
0 
81.86
06 
± 
2.913
9 
36.28
03 
± 
3.344
0 
85.56
06 
± 
7.893
8 
26.62
82 
± 
2.050
5 
45.80
28 
± 
2.760
4 
69.81
70 
± 
4.026
8 
263.4
39 
± 
16.61
94 
13.37
40 
± 
1.600
0 
186.4
43 
± 
6.605
3 
23.73
62 
± 
1.608
7 
93.50
75 
± 
3.380
2 
D
5 
5.468
5 
± 
0.358
5 
30.37
65 
± 
1.264
4 
6.516
2 
± 
0.503
4 
37.68
79 
± 
1.181
2 
9.811
6 
± 
0.463
0 
82.16
21 
± 
1.953
7 
11.84
99 
± 
0.682 
55.29
67 
± 
2.118
5 
10.95
84 
± 
0.649
6 
31.73
91 
± 
1.323
0 
114.9
92 
± 
7.856
7 
108.6
40 
± 
3.202
0 
44.75
19 
± 
3.357
6 
90.41
38 
± 
3.698
7 
13.52
69 
± 
0.818
7 
82.78
91 
± 
2.869
5 
D
6 
2.849
0 
± 
0.285
3 
28.12
64 
± 
1.204
6 
8.696
3 
± 
0.661
1 
27.38
41 
± 
1.629
0 
7.319
8 
± 
0.615
0 
60.43
70 
± 
3.699
4 
16.77
17 
± 
1.326
9 
44.76
99 
± 
3.633
2 
11.14
65 
± 
0.985
8 
26.97
69 
± 
1.451
2 
371.2
95 
± 
41.50
93 
108.9
73 
± 
6.546
8 
69.97
63 
± 
3.590
2 
116.5
54 
± 
9.404
2 
9.643
8 
± 
0.701
7 
61.31
01 
± 
3.726
2 
D
7 
4.791
0 
± 
0.516
6 
39.21
56 
± 
2.850
1 
3.372
7 
± 
0.459
6 
28.41
14 
± 
1.864
0 
2.329
1 
± 
0.352
7 
19.99
57 
± 
1.561
1 
5.794
7 
± 
0.607
6 
13.72
86 
± 
0.999
6 
6.563
9 
± 
1.096
8 
25.89
67 
± 
2.324
1 
529.2
32 
± 
58.76
80 
59.55
44 
± 
5.791
3 
39.94
21 
± 
4.450
2 
57.84
79 
± 
12.53
09 
5.218
5 
± 
0.503
0 
20.57
04 
± 
1.635
4 
D
8 
5.937
2 
± 
0.647
7 
25.11
00 
± 
2.364
4 
3.531
1 
± 
0.490
6 
19.67
88 
± 
1.697
0 
3.685
2 
± 
0.382
2 
12.39
70 
± 
1.843
2 
5.114
0 
± 
0.572
5 
12.93
48 
± 
1.758
9 
7.527
8 
± 
1.191
8 
18.23
74 
± 
1.865
1 
45.28
77 
± 
3.828
4 
36.11
66 
± 
4.036
0 
7.766
6 
± 
0.986
1 
24.42
25 
± 
2.662
1 
4.090
1 
± 
0.708
8 
18.15
44 
± 
3.159
2 
D
9 
3.468
5 
± 
0.616
2 
12.51
19 
± 
1.873
6 
5.949
7 
± 
1.385
5 
10.29
76 
± 
1.590
1 
14.07
85 
± 
1.168
8 
15.35
68 
± 
2.883
6 
16.95
93 
± 
1.955
8 
38.73
17 
± 
7.455
3 
10.25
70 
± 
1.183
4 
30.86
80 
± 
4.593
6 
38.46
16 
± 
5.031
3 
19.15
69 
± 
3.494
3 
17.38
02 
± 
2.283
6 
23.22
79 
± 
3.695
9 
7.702
3 
± 
1.282
3 
20.27
29 
± 
3.936
6 
D
10 
5.099
8 
± 
0.801
7 
10.63
67 
± 
2.619
7 
16.59
56 
± 
3.366
0 
10.74
74 
± 
2.421
9 
42.41
03 
± 
2.776
2 
25.63
27 
± 
4.604
0 
44.29
06 
± 
4.688
5 
81.90
85 
± 
17.46
21 
29.34
53 
± 
2.806
5 
64.01
79 
± 
10.41
65 
76.20
27 
± 
10.66
21 
20.09
14 
± 
4.509
5 
39.64
13 
± 
4.230
9 
36.20
96 
± 
4.716
2 
21.96
92 
± 
3.129
9 
41.59
93 
± 
8.010
5 
D
11 
1.511
0 
± 
0.429
8 
4.572
7 
± 
1.359
7 
2.308
1 
± 
0.521
9 
3.667
9 
± 
1.097
9 
7.464
3 
± 
1.403
9 
5.169
6 
± 
1.273
1 
9.133
1 
± 
2.189
4 
3.685
5 
± 
1.087
7 
7.222
1 
± 
2.028
7 
5.676
1 
± 
1.469
4 
14.74
61 
± 
4.547
0 
7.166
3 
± 
2.335
7 
11.39
58 
± 
3.097
4 
8.280
8 
± 
2.251
1 
3.110
0 
± 
0.655
6 
4.199
2 
± 
1.130
6 
D
12 
1.105
8 
± 
0.498
8 
1.931
9 
± 
0.860
5 
3.806
6 
± 
1.593
0 
1.770
7 
± 
0.777
7 
11.20
65 
± 
4.301
2 
5.799
5 
± 
2.350
5 
11.70
18 
± 
4.841
4 
4.311
4 
± 
1.865
0 
8.078
9 
± 
3.262
4 
6.065
9 
± 
2.306
0 
13.88
21 
± 
5.214
3 
4.426
8 
± 
1.955
7 
12.19
13 
± 
5.152
3 
9.471
7 
± 
3.920
0 
5.214
6 
± 
2.048
4 
6.346
9 
± 
2.852
0 
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Fig. 4. SVM classification using A and D1 coefficients variance 
SVM classification using features D9 and D10 is shown 
in Fig.6. It can be observed that both healthy and damaged 
gearbox data are clearly classified using these features.  
 
Fig. 5. SVM classification using D9 and D10 coefficients variance 
Table II represents all the features with their usefulness 
in classifying the gearbox faults. The features marked with 
green color are very useful for gearbox fault classification 
using SVM classifier. Similarly, the features that are shown 
with yellow color are marginally classifying the faults. 
Remaining wavelet features that are shown with white color 
in Table II are not useful features for fault classification.  
TABLE II.  USEFULNESS OF FEATURES 
Fe
a
t
u
re
s Wavelets Variance 
AN3 AN4 AN5 AN6 AN7 AN8 AN9 AN10 
A        
D1        
D2        
D3        
D4        
D5        
D6        
D7        
D8        
D9        
D10        
D11        
D12        
Note: Here,  represents clear or perfect classification,  moderate 
classification and  represents very poor classification. 
V. CONCLUSION 
This paper deals with vibration analysis based gearbox 
health condition monitoring. DWT had been used to extract 
the wavelet variance features from the vibration data. SVM 
classifier had been used to classify healthy and damaged 
data. The useful features for gearbox fault diagnosis had 
been presented. The results reveal that the vibration based 
condition monitoring technique is successful in diagnosing 
and classifying the gearbox faults. This condition 
monitoring algorithm is simple and can be used for real time 
applications as well. 
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